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Thermal, titrimetric analysis and UV/Vis spectroscopy were used to study the structural
features of molecules of humic acids prepared from different raw materials, such as
biohumus, peat, brown coal, and chernozem. Humic acids were extracted from these
material by aqueous solutions of potassium hydroxide at the temperature of 50°C and
precipitated with by a solution of hydrochloric acid at pH<2. The precipitate of humic
acids were separated by centrifugation, washed on the filter with distilled water; the purified
precipitate was further dried at the temperature of 60—70°C. The thermal analysis of the
samples of humic acid was performed in air in the temperature range of 20—1000°C. On
the basis of the thermolysis results, the content of carboxyl and hydroxyl groups in molecules
of humic acids was determined and the ratio of aliphatic structures to cyclic ones in humic
acids under consideration was calculated. The absorbance was determined by means of
UV/Vis-spectroscopy. Its values were used to calculate the ratio of the amount of carbon
in aromatic fragments to that in side radicals. The obtained data indicate a high proportion
of aliphatic fragments in the structure of humic acids which confirms the data gained by
thermal analysis. The total acidity of humic acids was determined by means of the barite
method, it conforms with the values obtained by the thermal analysis of the samples under
investigation.
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Introduction physiologically active growth regulators [4,5].

Humic substances are the main organic
components of soil, water and solid combustible fossil
fuels. A deficit humus balance requires the
introduction of organic fertilizers into soils in addition
to mineral fertilizers. Humates of sodium, potassium
or ammonium, as water soluble salts of humic acids
(HA), belongs to the known fertilizers [1,2].

Due to the specific biological properties,
humates are more accessible to the root system of
the plants. Being biopolymers, they provide a high
capacity to cationic and anionic metabolism and
chelate ability. Also they can stimulate growth of
the plants and provide nitrogen and ash nutrition
[3]. Agents based on humic substances nowadays
occupy an important place in the development of
modern agricultural technologies; they can serve as
nutrients for plant cultivation or play a role of

Humic acids are high-molecular, mainly
aromatic, oxycarboxylic acids, which contain
methoxyl groups in the early stages of metamorphism.
Condensed systems constitutes the basis of their
structure, they include alicyclic and aromatic rings,
side chains and functional groups in the nucleus and
in the side chains. Fragments of the structure are
bound with oxygen and methylene bridges. Humic
acids belong to polyelectrolytes with weakly
pronounced acid properties. Acid properties are
caused by the presence of carboxyl and hydroxyl
groups in their structure. Acid carboxylic and
phenolic groups of humic acids form ion-type bonds
with cations of metals, which is the reason for the
dissociation of these compounds in aqueous solutions
and, accordingly, the high solubility of humates in
alkaline solutions. These functional groups also play
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an important role in the interaction between humic
acids and minerals, for example, the formation of
complex iron or iron-phosphate bridges between the
surface of a clay mineral particle and the HA
molecule [6].

The aim of the present study is the determina-
tion of the structure and estimation of the functional
properties of humic acids obtained from various
sources.

Material and methods

The following raw materials were used to
prepare HA: biohumus (TU U 13649334022-99) (1);
peat from the Great Lubin deposit (II); commercial
agent Humifirst (USA) manufactured from Leonardit
(IT); and black soil from Ternopil region (IV). To
isolate humic substances, the raw materials were
treated with a solution of alkali. The sedimentation
of HA from a filtrate was carried out at pH<2. After
that the sediments were separated from the stock
solution by centrifugation (6000 rpm). The HA
sediments were washed to remove sodium and
chlorine ions. The resulting HAs were dried in a
drying oven at 60—70°C. The thermal analysis was
carried out in the temperature range of 20—1000°C
with free air access in the furnace using the Q-1500D
derivatograph based on the Paulik-Paulik-Erdey
system controlled by a personal computer. The rate
of temperature increase was 5°C/min. The weight of
the samples was ca. 80 mg. Aluminium oxide was
used as a reference substance. The barite method
was used to determine the overall HA acidity.
UV/Vis absorption spectra of humic acids were
recorded by means of the spectrophotometer
UVmini-1240 (Shimadzu Corp., Japan). The

measurement of adsorption of the investigated humic
acids was carried out at the concentration of 0.001%
(in 0.1 M sodium hydroxide solution) using quartz
cell (10 mm) in the wavelength region of 300—
700 nm [7,8].

Results and discussion

Thermal analysis is one of the important
methods to study organic compounds. It allows
investigating not only the thermal stability of
substances, but also the nature of the processes that
occur when they are heated [9,10].

The results of thermal analysis of samples,
including thermogravimetry (TG), differential
thermogravimetry (DTG) and differential thermal
analysis (DTA), are presented in the form of
thermograms (Figs. 1—4, Table 1). Using thermal
analysis, the transformations of HA obtained from
different raw materials were studied in air in the
temperature range of 20—1000°C.

In the temperature range of 20.0—151.1°C, an
emerging endothermic effect is observed on the DTA
curves of samples, it corresponds to the removal of
adsorption water. This process is accompanied by a
loss of mass (8.6—11.1%) in TG curves and clear
extremum in DTG curves of the samples.

A further heating of the samples leads to the
appearance of exothermic effects with different
intensity in a DTA curve. The first exothermic effect
that appears in the temperature range of 117.8—
381.0°C is the least intense. It corresponds to the
destruction and oxidation of peripheral hydrocarbon
chains in molecules in the samples. This process is
accompanied by a significant loss of mass (18.6—
29.9%) and the appearance of a deep extremum in
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Fig. 1. Thermogram of humic acid from biohumus
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Fig. 2. Termogram of humic acid from peat
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Fig. 3. Thermogram of humic acid from brown coal
DTG curves. samples (27.4—44.1%) and the appearance of deep

Further, a more extensively pronounced
exothermic effect appears in DTA curves in the
temperature range of 336.2—526.90°C. It can be
associated to the degradation of the aliphatic
structures of the molecules in the samples, which is
accompanied by the reaction of decarboxylation and
dehydrogenation [10]. In this temperature range, the
initial splitting of the central nuclear structures of
the molecules in the samples is possible. This process
is accompanied by an intense loss of the mass of the

extremum in DTG curves of the samples is observed.

The third intensive exothermic effect appears
in DTA curves in the temperature range of 407.6—
650.0°C. It is attributed to the decomposition of the
most stable cyclic fragments of molecules. There is
combustion of carbon at temperatures close to 1000°C
that was formed as a result of the thermal
decomposition of samples. Unlike other samples,
the samples of the acids from peat and black soil
after heating to 1000°C had the highest residual mass
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Fig. 4. Thermogram of humic acid from black soil
(23.2 and 38.5%, respectively). This indicates the Table 1

highest content of bound ions (Fe**, Cu?*, Zn?*,
Ca?*, Fe**, AP, etc.) in these samples.

The coefficient K, which expresses the mass
ratio of the aliphatic structures to cyclic ones in the
sample molecules, was calculated from the mass
losses in the low-temperature region (second stage
of thermolysis) (Table 1) and the mass losses in the
high-temperature interval (third and fourth stages).
According to the results of the thermal analysis, it
can be concluded that the molecules of humic acids,
which are the part of samples of biohumus and brown
coal, contain the highest share of aliphatic fragments.

The content of carboxyl and hydroxyl groups
in the humic acid molecules, R, was calculated based
on the losses of the mass of samples at the third
thermolysis stage and compared with the results
obtained from the titration (Table 2). It should be
noted that the R values determined by
thermogravimetric and titrimetric methods for HA
isolated from I, II, and IV types of raw materials
well coincide with each other. A somewhat greater
difference is observed for brown coal. A better
agreement of the data obtained by independent
methods is observed for HA samples from peat and
brown coal. The contents of carboxyl and hydroxyl
groups determined for these samples by the titrimetric
method are 19.2% and 29.1%, respectively, (Table 2),
whereas these values according to the results of
thermal analysis are 20.6% and 27.4%, respectively

Results of thermal analysis of HA samples from different
raw materials

Raw Temperature Mass
material |Stage range oc loss, K*
type ’ %
1 | 20.0-124.5 |10.8
11 | 124.5-388.5 | 29.3
Biohumus| 111 | 388.5527.0 | 33.8 |0 1/20-7=3.04
IV | 527.0-636.0 | 20.7
VvV |636.0-1000.0 | 3.1
I | 20.0-147.1 | 9.9
11 | 147.1-319.2 | 13.7
Peat 0| 319.2.410.1 | 20,6 | > +3/149723
IV | 410.1-461.3 | 14.9
V |461.3-1000.0] 1.6
I | 200-117.8 | 8.6
I | 117.8-381.9 | 29.9
Bcrg‘a’{n 0 | 38105148 | 274 >/287=2.00
IV | 514.8-654.0 | 28.7
V | 654-1000.0 | 1.1
I | 20.0-150.0 | 11.1
I | 150.0-332.6 | 18.1
Black soil| III | 332.6-431.0 | 17.7 35.8/26.6=1.34
IV | 431.0-527.0 | 26.6
VvV |527.0-1000.0 | 0.89

Note: K* — is the coefficient of the ratio between aliphatic and
cyclic structures.
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(Table 1). High discrepancies are observed for other
HA samples.

As can be seen from Table 2, the values of the
total content of acidic groups in the investigated HA
samples from biohumus, brown coal, peat and black
soil, which were determined by barite- and Ca-
acetate methods and by thermogravimetric analysis,
do not differ significantly.

Table 2
The content of acid groups in samples of HA determined
by the titrimetric method

The source The content of acid gr(?ups in HA,
of HA mmol/g (wt.%)
Carboxylic | Hydroxylic Total
Biohumus 2.4 (10.6%)[9.2 (15.7%)| 11.6 (26.3%)
Peat 3.4 (153%) [ 2.3 (3.9%) | 5.7 (19.2%)
Brown coal | 5.5 (24.8%)| 2.5 (4.3%) | 8.0(29.1%)
Black soil  [3.5 (15.6%) ] 2.9 (5.0%) | 6.4 (20.6%)
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Fig. 5. UV/Vis spectra of humic acids obtained from various
sources

The obtained results are in good agreement with
the data of UV/Vis spectral analysis. Electronic
spectra of 0.001% HA solutions in the ultraviolet
and visible spectral regions are shown in Fig. 5 and
Table 2. Figure 5 shows the electronic spectra of
0.001% of solutions of HA in UV and visible areas,
which are characteristic of humic acids. UV/Vis
spectra of humic acids look like descending curves
without any absorption maxima. One of the
diagnostic features of HA is the color ratio of solutions
(ELs/Eqs0) which shows the ratio between their optical
density at 465 and 650 nm, respectively. This ratio
characterizes the coloration of the HA solutions,
which is determined by the branching system of
double bonds [7]. The coloration is caused by the

presence of aromatic fragments in HA molecules,
while the aliphatic side chains (polysaccharides,
polypeptides and saturated hydrocarbons) do not
cause the coloration of the solution. It was
experimentally shown [11,12] that the E values can
be characterized by the ratio of the amount of carbon
in aromatic structures to the amount of carbon in
side radicals. Thus, the higher the aromaticity of the
structures, the less is the ratio of E,/Egs, [11]. The
samples of biohumus and peat are distinguished by
higher values of the chromaticity coefficients; this
indicates a higher content of aliphatic fragments in
these samples.
The values of E,s/E¢s, ratio shown in Table 3
are in the range that is typical of humic acids [8].
Table 3
Spectral characteristics of the studied humic acids

The source of HA E465/E650 E465 E650
Biohumus 5.48 0.1453 0.0265
Peat 3.92 0.0878 | 0.0224
Brown coal 3.51 0.1256 | 0.0358
Black soil 2.88 0.2274 0.0789

The coloration of the humic acids is mainly
caused by the frame part of the molecules («non-
hydrolyzing») with acid-containing groups, whereas
the peripheral part of the molecules («hydrolyzing»)
does not practically cause the coloration. Therefore,
the obtained characteristics allow estimating the
contribution of the «non-hydrolyzing» part to the
structure of the HA molecule. An increase in the
chromaticity coefficients of humic acids is observed
in the following range: black soil<brown coal<
<peat<biohumus (Table 3). This may indicate a
decrease in the content of aromatic fragments in
their structures which is consistent with the data of
thermogravimetric analysis. In our opinion, this may
show a decrease in the molecular weight of humic
acids in the above range and, accordingly, an increase
in their ability to affect the permeability of plant cell
membranes which can improve plant nutrition.

Conclusions

The total content of acid groups in the mole-
cules of humic acids extracted from vermicompost,
peat and chernozem was calculated by weight losses
of samples at the third stage of thermolysis. The
calculated data are in good agreement with those
obtained using the titrimetric method.

The values of coefficients K showing the ratio
of aliphatic parts to cyclic ones in the HA structure
were calculated from the results of thermogravimetric
analysis. They are higher than 1.0 confirming the
aliphatic nature of the compounds under
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investigation.

According to the results of thermal and UV/Vis
spectroscopy analyses, the content of linear fragments
in the samples of humic acids extracted from different
raw materials increases in the following range: black
soil<brown coal<peat<biohumus.
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JOCIIIZKEHHA CKIIALY I'YMIHOBUX KUCJIOT
PI3BHOTI'O ITOXO/IZKEHHS

LB. Cementox, B.B. Kouybeii, O.5. Kapnenxo, I.I. Mioana,
O.B. Kapnenko, B.B. Cepeece

Memodamu mepmiuHo2o, Mmumpumempu4Ho20 aHaiizie i
cnexmpockonii Y@ i eudumozo dianaszony 30ilicHeHo 00CAiONHCeHHs
ocobausocmeil 6y008U MOACKYA 2YMIHOBUX KUCAOM, 00ePIHCAHUX i3
PizHOI cuposuHu: bioeymycy, mopghy, 6ypoeo eyeiiis ma YopHO3emYy.
Tyminosi Kuciomu excmpazyeanu i3 cupo@UHU 80OHUM POHUHOM
Kaniro eiopokcudy 3a memnepamypu S’C, ocadxucysaiu po3HuHOM
X10p0800He80i kucaomu npu pH<2. T'yminosi kuciomu, wo euna-
daau 6 ocad iddinsnu yeHmpugyey8aHHam, NPOMUBANU Ha inbmpi
JUCmMUAbOBAHOI 800010, OYUWEHUI 0CA0 BUCYULYBANU 3G MeMnepa-
mypu 60—70°C do nocmiiinoi macu. Tepmiunuii ananiz spasxie eymi-
HOBUX KUCAOM GUKOHYBAAU Y NOBIMPSIHOMY cepedosulyi 6 inmepeani
memnepamyp 20—1000°C. 3a pezysvmamamu mepmonizy po3paxo-
6AHO 6MICI KAPOOKCUALHUX MA 2iOPOKCUNLHUX 2PYR Y MOAEKYAAX
2YMIHOBUX KUCA0M, Mma KoegiyicHm cniggioHouleHHs anrigpamuyHoi i
YUKATYHOI cmpyKmyp 0ocaioxceHux eyminosux kuciom. Memoodom
cnexmpockonii Y@ [ eudumozo dianazony eusHa4eHo OnMu4Hy 2yc-
MUHY, 3a 6eAUHUHOIO AKOI PO3PAXOBAHO CHIBBIOHOWEHHS KINbKOCMI
Kapbony e apomamuunux gppaemenmax i 6 6iuHux paduxanax.
Ompumani 3Ha4eHHs 6KA3YIOMb HA NePeeax3caioyy Yacmky arigha-
MUYHUX hpaemenmie 6 cmpykmypi yMiHOBUX KUCAOM, W0 nidmeep-
dxcye dani, ompumani memodom mepmiunoeo anarizy. Buznaueno
3a2aNbHY KUCAOMHICMb 2YMIHOBUX KUCAOM MUMPUMEMPUHHUM aHA-
Ai30M, 3a bapumosor memodukor. Ompumani NOKA3HUKU Y320-
0xcyromocs 3i 3HAUEHHAMU 3a2ANbHOI KUCAOMHOCMI, 00epHCaHumMu
MepMIMHUM AHANI30M 00CAIONCYBAHUX 3DA3KI6 2YMIHOBUX KUCAOM.

KimouoBi cjioBa: ryMiHOBI KMCIOTU, (DYHKIIOHAJIBHI TPYIIH,
GiornoJliMepu, TepMOTpaBiMETPUUHI aHaJIi3U1, CIIEKTPOCKOTITisT YD
i BUAMMOTO Jliara3oHy, TEIUIOBUIA e(eKT.
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Thermal, titrimetric analysis and UV/Vis spectroscopy were
used to study the structural features of molecules of humic acids
prepared from different raw materials, such as biohumus, peat, brown
coal, and chernozem. Humic acids were extracted from these material
by aqueous solutions of potassium hydroxide at the temperature of
50°C and precipitated with by a solution of hydrochloric acid at
PpH<L2. The precipitate of humic acids were separated by centrifugation,
washed on the filter with distilled water; the purified precipitate was
Sfurther dried at the temperature of 60—70°C. The thermal analysis
of the samples of humic acid was performed in air in the temperature
range of 20—1000°C. On the basis of the thermolysis results, the
content of carboxyl and hydroxyl groups in molecules of humic acids
was determined and the ratio of aliphatic structures to cyclic ones in
humic acids under consideration was calculated. The absorbance
was determined by means of UV/Vis-spectroscopy. Its values were
used to calculate the ratio of the amount of carbon in aromatic
fragments to that in side radicals. The obtained data indicate a high
proportion of aliphatic fragments in the structure of humic acids
which confirms the data gained by thermal analysis. The total acidity
of humic acids was determined by means of the barite method, it
conforms with the values obtained by the thermal analysis of the
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samples under investigation.
Keywords: humic acids; functional groups; biopolymers;
thermogravimetric analysis; UV/Vis-spectroscopy; heat effect.
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